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Effects of kidney transplantation on the renin-angiotensin systems of
the recipients. To investigate the effects of renal transplantation on the
plasma and local kidney renin-angiotensin systems of the recipients the
left kidneys of 13 adult male Wistar-Kyoto rats (WKY) and 13 stroke-
prone spontaneously hypertensive rats (SHRSP) were transplanted to
bilaterally nephrectomized (WKYxSHRSP)-F1 hybrids. Nine unilaterally
nephrectomized WKY and nine SHRSP served as controls. Four weeks
after surgery recipients of an SHRSP kidney but not recipients of a WKY
kidney had significant post-transplantation hypertension. Plasma renin
activity (PRA) was higher in SHRSP than in WKY. Transplanted rats had
lower PRAs than nontranspianted controls. Plasma ACE activity was
lowest in SHRSP, intermediate in transplanted Fl hybrids and highest in
WKY. Plasma Ang I and Ang II concentrations closely paralleled each
other. They were not significantly different between WKY and SHRSP
and lower in transplanted than in nontransplanted rats. ACE and renin
mRNA were lower in transplanted than in nontransplanted kidneys.
Glomerular angiotensin II receptor density was higher in transplanted
than in nontransplanted kidneys with no significant differences between
strains. We conclude that renal transplantation has profound long-term
effects on the recipients' plasma and local kidney renin-angiotensin
systems. These do not appear to be involved in the pathogenesis of
post-transplantation hypertension in recipients of an SHRSP kidney, but
may reflect a role for the intrarenal renin-angiotensin system in long-term
renal adaptation and repair processes after transplantation.
In renal transplantation experiments with stroke-prone sponta-
neously hypertensive rats (SHRSP) and normotensive Wistar-
Kyoto rats (WKY) as kidney donors, recipients of an SHRSP
kidney developed post-transplantation hypertension [1]. This ef-
fect was not due to the procedure of renal transplantation as such
since recipients of a WKY kidney remained normotensive. Fur-
ther renal transplantation studies with young prehypertensive
SHRSP [2] indicated that a genetically determined alteration to
the kidney likely contributed to post-transplantation hyperten-
sion. The nature of this alteration remains unclear. The renin-
angiotensin system could be a possible candidate since it is known
to be intricately involved in renal physiology and pathophysiology
[3]. The present study was designed to investigate the effects of
transplantation of WKY and SHRSP kidneys, respectively, on the
recipients' plasma and local renin-angiotensin systems.
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Methods
The left kidneys of 13 adult male WKY and 13 SHRSP were
transplanted as previously described [4] to bilaterally nephrecto-
mized Fl hybrids bred from WKY and SHRSP parents. Nine
unilaterally nephrectomized SHRSP served as controls. Animals
were maintained under standard conditions with access to stan-
dard laboratory rat food and tape water ad libitum. Four weeks
after surgery, rats were sacrificed by rapid bleeding under ether
anesthesia. Blood was centrifuged and plasma was stored at
—20°C for later determinations of plasma renin activity (PRA),
angiotensin I converting enzyme (ACE) activity, angiotensin I
(Ang I) concentration, and angiotensin II (Ang II) concentration.
Renal grafts and nontransplanted solitary control kidneys were
rapidly removed without perfusion and cut in halves. One half was
immediately processed for Ang II receptor binding studies in
isolated glomeruli using increasing concentrations of [1251]Ang II.
The other half was frozen in liquid nitrogen and stored at —80°C
for later determinations of specific mRNAs for angiotensinogen,
renin, and ACE. Total RNA was extracted using the acid guani-
dinium-thiocyanate-phenol-chloroform method. Specific mRNAs
were detected by Southern blot analysis following reverse tran-
scription and PCR amplification using semiquantitative tech-
niques.
Results
Four weeks after transplantation systolic blood pressure was
126 7 mm Hg in Fl hybrids that had received a WKY kidney
and 184 8 mm Hg in recipients of an SHRSP kidney (P <0.01).
These values corresponded well to the systolic blood pressures in
unilaterally nephrectomized rats of the donor strains (WKY, 118
5 mm Hg; SHRSP, 193 7 mm Hg).
Glomerular Ang II receptor density increased from 136 31
fmollmg protein in nontransplanted solitary WKY kidneys to 276
49 fmol/mg protein in transplanted WKY kidneys (P < 0.05)
and from 147 24 fmol/mg protein in nontranspianted SHRSP
kidneys to 332 54 fmol/mg protein in transplanted SHRSP
kidneys (P < 0.05). There were no significant differences in
glomerular Ang II receptor density between nontranspianted
WKY and SHRSP kidneys and between renal grafts from both
strains. [1251]Ang II binding affinity was similar in all groups
regardless of strain and transplantation.
PRA (Fig. 1) was higher in SHRSP than in WKY. Bilaterally
nephrectomized rats with a renal graft had significantly lower
PRAs than nontransplanted rats. PRA was higher in recipients of
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an SHRSP kidney than in recipients of a WKY kidney. Plasma
ACE activity (Fig. 1) was highest in WKY, lowest in SHRSP and
intermediate in Fl hybrids. There were no significant differences
in plasma ACE activity between recipients of an WKY and
SHRSP kidney. Plasma Ang I and Ang II concentrations (Fig. 1)
closely paralleled each other. There were no significant differ-
ences in both parameters between WKY and SHRSP. Fl hybrid
recipients had lower plasma Ang I and Ang II concentrations than
rats in the donor strain groups with no significant differences
between recipients of a WKY and SHRSP kidney.
Renal angiotensinogen mRNA (Fig. 2) was not significantly
different between WKY and SHRSP and between transplanted
and nontransplanted kidneys. Renal renin mRNA (Fig. 2) was
higher in SHRSP than in WKY. It decreased in both strains in
transplanted versus nontranspianted kidneys. There were no
significant differences between transplanted WKY and SHRSP
kidneys. Renal ACE mRNA (Fig. 2) was not significantly different
between WKY and SHRSP. It decreased significantly in trans-
planted versus nontranspianted kidneys in both strains.
Discussion
The major finding of the present study is that renal transplan-
tation has profound effects on the recipients' plasma and local
kidney renin-angiotensin systems with no significant differences
between recipients of a WKY and SHRSP kidney.
The finding that bilateral nephrectomy and transplantation of
an SHRSP kidney resulted in severe post-transplantation hyper-
tension is in keeping with previous reports [reviewed in 1]. The
same holds true for the observation that blood pressure did not
change significantly in recipients of a WKY kidney. The mecha-
nisms by which a transplanted SHRSP kidney causes hypertension
in the recipient are currently unknown. The local kidney renin-
angiotensin system may be involved in hypertension by various
mechanisms [5].
In the present study the only statistically significant difference
between WKY and SHRSP with respect to the renal renin-
angiotensin system was a higher renin mRNA in SHRSP than in
WKY kidneys. This finding corresponds well to our observation of
a significantly elevated PRA in adult SHRSP compared to WKY.
It has recently been shown that circulating renin in SHRSP
increases with age and that it is significantly elevated over
circulating renin in WKY in animals aged 18 weeks and older [6}.
All other parameters of the plasma and local kidney renin-
angiotensin systems measured in this study were not significantly
different between WKY and SHRSP. However, some were pro-
foundly affected by renal transplantation.
Renal renin and ACE mRNA were significantly lower in
transplanted than in nontransplanted kidneys of either strain. This
does not reflect a general down-regulation of the local renin-
angiotensin system after transplantation since angiotensinogen
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Fig. 1. Plasma renin activity (A), plasma ACE activity (B), plasma angiotensin I concentration (C), and plasma angiotensin II concentration (D) in
unilaterally nephrectomized WKY and SHRSP and in Fl hybrids (F1H) with a solitaty transplanted kidney from WKY and SHRSP donors, respectively, four
weeks after surgely. # P < 0.05 versus WKY; * P < 0.05 versus donor strain group. N = 9 to 13 for each measure.
mRNA was not significantly altered and Ang II receptor density
was increased in grafted versus native kidneys.
The decrease in renal renin mRNA was associated with a lower
PRA in transplanted than in nontranspianted rats. Interestingly,
the difference in PRA between WKY and SHRSP was maintained
in recipients of kidneys from these strains. As expected, plasma
ACE activity in transplanted rats did not follow the alterations of
renal ACE mRNA, but reflected the genetic background of the
recipients.
The alterations of the components of the renin-angiotensin
system as described above led to a significant decrease in the
plasma concentration of the effector peptide Ang II in trans-
planted versus nontransplanted rats. This observation together
with the finding that plasma Ang II concentrations were similar in
recipients of a WKY and SHRSP kidney exclude the circulating
renin-angiotensin system as a causative factor for post-transplan-
tation hypertension in recipients of an SHRSP kidney.
Taken together, our data indicate that neither the circulating
nor the local kidney renin-angiotensin system contribute to post-
transplantation hypertension in recipients of an SFIRSP kidney.
The alterations of renal renin and ACE mRNA as well as Ang II
receptor density after transplantation may reflect a role for the
intrarenal renin-angiotensin system in long-term adaptation and
repair processes in renal grafts.
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Fig. 2. Angiotensinogen mRNA, renin mRNA, and ACE mRNA in non-
transplanted and transplanted solitary WKY (Dl) and SHRSP ( kidneys
four weeks after surgery for contralateral nephrectomy or renal transplanta-
tion, respectively. # P < 0.05 versus WKY; * P < 0.05 versus nontrans-
planted control kidneys of the same strain. N = 9 to 13.
